Various 1-(amino-N-arylmethanethio)-3-(1-substituted benzyl-2, 3-dioxoindolin-5-yl) urea (5aep) were designed keeping in view the structural requirements suggested in the pharmacophore model for anticonvulsant activity. Their in vivo anticonvulsant screenings were performed by two most adopted seizure models, maximal electroshock seizure (MES) and subcutaneous pentylenetetrazole (scPTZ). Compound 5f was found active in MES screening while compounds 5h, 5i, 5k and 5l showed significant anticonvulsant activity in both the screenings and were devoid of any neurotoxicity. Compound 5h and 5i showed marked protection at 300 mg/kg against MES and scPTZ screening. Compound 5i also showed protection against MES screening at the dose of 100 mg/kg. In 6 Hz screening these two compounds showed significant protection and emerged as lead compounds for future investigations.
Introduction
Epilepsy is a collective term given to a group of syndromes that involve spontaneous, intermittent, abnormal electrical activity in the brain, which manifest as seizures. It has been estimated that about 20% of the patients with epilepsy using the first generation of antiepileptic drugs (Phenobarbital, Phenytoin, Carbamazepine, Sodium valproate and Diazepam) were not able to acquire adequate control of seizure [1] . In fact, epilepsy is the third most frequent neurological disorder encountered in the elderly after cerebrovascular disease and dementia [2] . There is continuing demand for new anticonvulsant agents as several of the currently available antiepileptic drugs (AED) have been associated with severe side effects and fail to control seizures in about 30% of epileptic patients [3e5] . The search for antiepileptic agents with more selectivity and lower toxicity continues to be an area of investigation in medicinal chemistry.
Study revealed that Isatin is a privileged lead molecule for designing potential bioactive agents, and its derivatives have been shown to possess a broad spectrum of bioactivity as many of which were assessed anti-HIV, [6] antiviral, [7] anti-tumor, [8e10] antifungal, [11, 12] anti-angiogenic, [13] anticonvulsants, [14] anti-Parkinson's disease therapeutic, [15] and effective SARS coronavirus 3CL protease inhibitor. [16] These interesting properties prompted many efforts toward the synthesis and pharmacological screening of isatin derivatives.
Considering extensive applications of Isatin moiety in medicinal chemistry and in continuation of our ongoing project biologically active heterocycles [17e21] , an attempt has been made to synthesize amino-N-arylmethanethio urea derivatives containing Isatin moiety and evaluate for their in vivo screening.
Chemistry
The synthesis of the titled compounds (5aep) was carried out as presented in Scheme 1.
5-Nitroindoline-2, 3-dione (1) has been prepared by the refluxing of indoline-2, 3-dione with a mixture of 95e100% sulfuric acid and 70% nitric acid in water bath at 60 C for 1 h. Compounds (2a,b) were synthesized by stirring a mixture of compound (1), anhydrous potassium carbonate in acetone and substituted benzyl chloride. Compounds (2a,b) get reduced to 5-amino-1-substituted benzylindoline-2, 3-dione (3a,b) on heating with a mixture of iron powder and hydrochloric acid. Compounds (3a,b) on stirring with sodium cyanate and glacial acetic acid, get converted to its urea derivatives (4a,b). Finally titled compounds 1-(amino-N-arylmethanethio)-3-(1-substituted benzyl-2, 3-dioxoindolin-5-yl) urea (5aep) were prepared on refluxing different substituted phenylisothiocyanates with compounds (4a,b). The physicochemical parameters of the synthesized compounds are presented in Table 1 . The structures and purity of the final compounds were confirmed on the basis of spectral and elemental analyses and the data were within AE0.4% of the theoretical values.
Pharmacology
The pharmacological testing of all the final compounds have been performed by National Institute of Neurological Disorders and Stroke (NINDS), USA under Anticonvulsant screening program (ASP), following the protocol adopted by the Antiepileptic Drug Development (ADD) program [22] . All the compounds prepared herein were screened for their potential in vivo biological activities such as anticonvulsant and minimal motor impairment test. The Phase I pharmacological screening comprised of MES, scPTZ and neurotoxicity. Further, some of the selected compounds were tested for their activity at 6 Hz model.
Results and discussion

Anticonvulsant activity
Phase I studies of the investigated compounds (5aep) involved three tests: maximal electroshock seizure (MES), subcutaneous Pentylenetetrazole (scPTZ), and rotorod test for neurological toxicity. For the MES assay, experimental compound is administered to sets of one, three and one animals at three respective doses (30, 100, and 300 mg/kg) at both 0.5 h and 4.0 h time periods. The similar standard for dosing and time is used for the scPTZ testing. All animals were observed for potential neurological deficit at each dose and time period.
For the identification of anticonvulsant activity in mice, test compounds were administered intraperitoneally and challenged by maximal electroshock and subcutaneous Pentylenetetrazole. Compounds found to be effective in these seizure challenges are generally regarded to be potentially useful candidates in treatment of partial, generalized and even absence seizures. Neurotoxicity of the test compounds was determined using the rotorod toxicity test (TOX). The results of the in vivo tests are summarized in Table 2 .
Titled compounds 1-(amino-N-arylmethanethio)-3-(1-substituted benzyl-2, 3-dioxoindolin-5-yl) urea (5aep) showed some protection against MES and scPTZ seizures in mice in Phase 1 screening. The most potent anticonvulsant compounds found to be were 5f, 5h, 5i, 5k and 5l and interestingly all these compounds were devoid of any neurotoxicity. In MES test, compound 5i was active at dose of 100 mg//kg (1/3 animal protected) 4.0 h after administration; interestingly compound 5i was also active at dose of 300 mg//kg (1/1 & 1/1 animals protected) after 0.5 h & 4.0 h. In 300 mg/kg dose, compounds 5f and 5h were also found to be active (1/1 and 1/1 animals protected) 0.5 h and (1/1 and 1/1 animals protected) 4.0 h after administration. In 300 mg/kg dose, compounds 5k and 5l were active (1/1 and 1/1 animals protected) 4.0 h after administration.
In scPTZ screening compounds 5h and 5i were active at dose of 300 mg//kg (1/5 and 2/5 animals protected) 0.5 h after administration. Compounds 5k and 5l also showed protection at dose of 300 mg//kg (1/1 and 1/1 animals protected) 4.0 h after administration.
In the neurotoxicity screening, compounds 5f, 5h, 5i, 5k and 5l that were found to be potent were devoid of minimal motor impairment at any doses. Rest all the compounds, although were not potent showed lack of any neurotoxicity.
The compounds 5h and 5i that displayed a marked MES as well as scPTZ activity in mice at the dose of 100 & 300 mg/kg i.p. were evaluated for 6 Hz assay in mice, Test 7 results (Table 3) These results suggest that thioamide and amide as two hydrogen bonding domains (HBD), Nitrogen of Isatin as electron donar (D), unsubstitution or 2-chloro substitution as electron withdrawing agent in hydrophobic domain (A) and unsubstitution or methoxy/ methyl substitution as electron donating agent in distal hydrophobic domain (R) made the compound potent in the MES screen at 100 & 300 mg/kg doses, scPTZ screen at 100 & 300 mg/kg (i.p. dose) in mice as well as minimal clonic seizure (6 Hz) test at 100 mg/kg (i.p. dose) in mice. Anticonvulsant agents having the above required pharmacophoric elements have been shown in Fig. 1 .
Log P determination
The dependence of biological activity in the set of congeneric agents or lipophilic character has been shown in many types of drug action in particular, the reports by Lien and co-workers indicate that the anticonvulsant activity of different types of compounds were correlated with lipophilicity [23] . However, it has been observed that the maximum potency of the drugs that act on the central nervous system (CNS) is obtained with congeners having an optimum lipophilicity (log Po). In this study, we attempted to correlate the anticonvulsant activity of synthesized compounds with their log P value. The experimental log P values were determined using octanol-phosphate buffer method and the calculated log P values were taken from the software ChemOffice 6.0 and the results are shown in Table 1 . Most of the synthesized compounds met the criteria for lipophilicty and showed good anticonvulsant activity with lesser neurotoxicity. Due to their higher lipophilicity they are expected to have rapid onset and shorter duration of action.
Conclusions
Pharmacophore model for anticonvulsant 1-(amino-N-arylmethanethio)-3-(1-substituted benzyl-2, 3-dioxoindolin-5-yl) urea has been established on the basis of results of pharmacological, physicochemical, distance mapping and three-dimensional structural investigations. In this model, the presence of thioamide and amide (HBD) fragment is essential for activity. Beside this, all of the compounds contained two hydrophobic units (A & R aryl rings) as a distal binding site and Isatin as electron donar (D). Five compounds showed better anticonvulsant activity and among these compounds 5h and 5i emerged as a lead compounds in the series when they were subjected to preliminary anticonvulsant screenings. They also showed marked lower neurotoxicity and, therefore, a higher protective index. These can be regarded as strong candidates for future investigations.
Experimental protocols
Chemistry
The chemicals used were obtained from various chemical units E. Merck India Ltd., CDH, and s.d. Fine Chem. and Qualigens. These solvents and reagents were of LR grade and purified before their use. The silica gel G (160e120 mesh) used for analytical chromatography (TLC) was obtained from E. Merck India Ltd. Two solvent systems were used Benzene: Acetone (8:2) and (6:4), Toluene: Ethyl acetate: Formic acid (5:4:1). All the melting points were determined in open glass capillary using Kjeldahl flask containing paraffin and are uncorrected. Both 1 H NMR and 13 C NMR spectra were taken on a Bruker 400 Ultra shieldÔ (400 MHz) NMR spectrometer in DMSO-d 6 /CDCl 3 using tetramethylsilane [(CH 3 ) 4 Si] as internal standard. Chemical shift (d) are expressed in ppm. All the Fourier transform infra-red (FT-IR) spectra were recorded in KBr pellets on a Jasco FT/IR 410 spectrometer. Elemental analyses were realized on a PerkineElmer model 240c analyzer and were within AE0.4% of the theoretical values.
6.1.1. General procedure for the synthesis of titled compounds (5aep) 6.1.1.1. 5-Nitroindoline-2, 3-dione (1). Compound indoline-2, 3-dione (48.5 g, 0.33 mol) was added into a mixture of 50 g (35 mL, 0.5 mol) of conc. nitric acid and 74 g (40 mL, 0.75 mol) conc. sulfuric acid with frequent shaking in 500-mL round bottomed flask, keeping the mixture cool by immersing the flask in ice cold water. After adding all indoline-2, 3-dione, flask was fitted with reflux condenser and the mixture was heated on water bath maintaining the temperature at 60 C for 1 h to obtain the desired compound 5-nitroindoline-2, 3-dione (1). Content was then poured into a beaker containing 500 mL cold water, stirred in order to wash out as much acid from the desired compound. When compound (1) completely settled to the bottom, the upper acid liquor was completely poured off from the mixture. Then the residual liquid was transferred to the separating funnel and shaked vigorously with about 50 mL of water. Bottom layer was collected, dried with anhydrous calcium chloride and finally filtered to obtain the pure compound (1 1.3 . 5-Amino-1-substituted benzylindoline-2, 3-dione (3a,b). Compound 2a,b (0.01 mol) and iron powder (0.01 mol) was placed in round bottomed flask containing 200 mL ethanol. The mixture was heated on oil bath till temperature attained to 80e85 C. Then 4 mL of HCl (1.2 M) was added and content was further stirred for 4 h while maintaining the temperature. Content was then filtered at reduced pressure and the filtrate was adjusted to pH 7e8 using NaHCO 3 to get the precipitate of compound 3a,b. It was then recrystallized with ethanol. 
. Compound 3a,b (0.01 mol) was dissolved in 10 mL glacial acetic acid and was diluted to 100 mL in a conical flask. To it a solution of NaOCN (0.01 mol) and 50 mL warm water were added with continuous shaking. Content was allowed to stand for 30 min, and then cooled in ice, allowed to stand for further 30 min, filtered at the pump, washed with water and dried at 100 C. The desired compound 4a,b were formed and recrystallized with ethanol. [27] was used to assess compound's efficacy against electrically induced seizures but used a lower frequency (6 Hz) and longer duration of stimulation (3 s). Test compounds were pre-administered to mice via i.p. injection. At varying times, individual mice (four mice per time point) were challenged with sufficient current delivered through corneal electrodes to elicit a psychomotor seizure in 97% of animals (32 mA for 3 s). The untreated mice would display seizures characterized by a minimal clonic phase followed by stereotyped, automatistic behaviors, described originally as being similar to the aura of human patients with partial seizures. Animals not displaying this behavior were considered to be protected.
Acute toxicity-minimal motor impairment
In mice, the rotorod [28] procedure is used to disclose minimal muscular or neurological impairment. When a mouse is placed on a rod that rotates at a speed of 6 rpm, the animal can maintain its equilibrium for long periods of time. The animal is considered toxic if it falls of this rotating rod three times during a 1-min period. In rats, minimal motor deficit is indicated by ataxia, which is manifested by an abnormal, uncoordinated gait. Rats used for evaluating toxicity are examined before the test drug is administered, since individual animals may have peculiarities in gait, equilibrium, placing response, etc., which might be attributed erroneously to the test substance.
Log P determination
The partition coefficient between octanol and phosphate buffer was determined at room temperature (29 C) using a procedure described elsewhere [29] . Ten milliliter of octanol and 10 mL phosphate buffer (pH ¼ 7.4) were taken in a glass stoppered graduated tube and 5 mg of accurately weighed drug was added. The mixture was then shaken with the help of mechanical shaker for 24 h at room temperature. The mixture was then transferred to a separating funnel and allowed to equilibrate for 6 h. The aqueous and octanol phase were separated and filtered through membrane filter and drug content in aqueous phase was analyzed by UV spectroscopy.
Partition coefficient was calculated by: PC ¼ (Ct À Ca)/Ca. PC ¼ Partition coefficient, Ct ¼ Concentration of total drug, Ca ¼ Concentration of the drug in aqueous phase.
